Background: Chronic kidney disease (CKD) is a significant health burden that increases the risk of adverse events. Currently, there is no validated models to predict risk of mortality among CKD patients experienced adverse drug reactions (ADRs) during hospitalization. This study aimed to develop a mortality risk prediction model among hospitalized CKD patients whom experienced ADRs. Methods: Patients data with CKD stages 3-5 admitted at various wards were included in the model development. The data collected included demographic characteristics, comorbid conditions, laboratory tests and types of medicines taken. Sequential series of logistic regression models using mortality as the dependent variable were developed. Bootstrapping method was used to evaluate the model's internal validation. Variables odd ratio (OR) of the best model were used to calculate the predictive capacity of the risk scores using the area under the curve (AUC). Results: The best prediction model included comorbidities heart disease, dyslipidaemia and electrolyte imbalance; psychotic agents; creatinine kinase; number of total medication use; and conservative management (Hosmer and Lemeshow test =0.643). Model performance was relatively modest (R square = 0.399) and AUC which determines the risk score's ability to predict mortality associated with ADRs was 0.789 (95% CI, 0.700-0.878). Creatinine kinase, followed by psychotic agents and electrolyte disorder, was most strongly associated with mortality after ADRs during hospitalization. This model correctly predicts 71.4% of all mortality pertaining to ADRs (sensitivity) and with specificity of 77.3%. Conclusion: Mortality prediction model among hospitalized stages 3 to 5 CKD patients experienced ADR was developed in this study. This prediction model adds new knowledge to the healthcare system despite its modest performance coupled with its high sensitivity and specificity. This tool is clinically useful and effective in identifying potential CKD patients at high risk of ADR-related mortality during hospitalization using routinely performed clinical data.
Background
Chronic kidney disease (CKD) is a major health problem for most Southeast Asia (SEA) underdeveloped countries. The exact true prevalence and incidence in the SEA region is not known [1] . CKD prevalence in West Malaysia was estimated at 9.07% [2] . The annual mortality rate caused by CKD increased from 1990 to 2015 at an average rate of 3.4% per year and contributes to 31.4% of the global burden of disability-related years of life, rising at a rate of 1% per year [3] [4] [5] . CKD's mortality rate is estimated at 14 per 100,000 people by 2030 [6] .
Adverse drug reactions (ADRs) are defined as drug reactions that are harmful and unintended at normal doses [7] . ADRs are estimated to occur in nearly 20% of drugs that are consumed in the population. It is expected that this number are doubled among hospitalized patients [8] . In Europe, 11.9% of ADRs occurrence rate during hospitalization was reported [9] . Generally, there is still a lack of data on the prevalence of ADRs from adults in SEA countries [10] .
The Malaysian Adverse Drug Reactions Advisory Committee (MADRAC), a division of the National Pharmaceutical Regulatory Agency (NPRA), regulates pharmacovigilance activities in Malaysia. ADRs are reported voluntarily by medical professionals, allied health care professionals, drug companies and consumers [11] . ADRs reports are usually submitted via online or manual submission to the NPRA secretariat. NPRA receives annual reports of approximately 9000 to 11,500 ADRs, corresponding to approximately 300 to 387 reports per million people per year [11, 12] . In 10 years, the number of reports had averaged at less than 6000 [13] . Malaysia's ADR reports have consistently achieved an average completeness score of approximately 0.45 over the past 5 years, increasing gradually to 0.63 in 2014 and 0.72 in 2015 [13] . The incidence of ADRs in paediatric patients in Malaysia in 2012 was 16 .8%. However, data on the prevalence of ADRs in Malaysia among the adult population are not available [14] .
Each prescribed medication carries its own risk of ADRs, which spans from cosmetic to severe morbidity and mortality due to patient specific reasons [15] . Pre-existing comorbidities can increase the susceptibility of an individual to an idiosyncratic reaction in addition to drugs that can alter cytochrome P450 metabolic pathways resulting in either increased production or impairment of toxic metabolites clearance [16, 17] .
The use of predictive risk scores is an emerging approach to reduce adverse drug events associated with admission to hospitals [18] . Clinical risk prediction models include multiple variables to predict the risk of adverse events for a patient [19, 20] . Risk prediction models are accessible in realworld clinical practice. Furthermore, routinely measured laboratory variables would facilitate timely calculation of mortality risk from electronic medical records or laboratory information systems [21] .
Therefore, the aim of this study is to develop to a mortality risk score of ADRs among multi-wards hospitalized stages 3 to 5 CKD patients by assessing the risk of mortality in this specific sub-population. The risk score for mortality has significant implications for clinical practice and research. The mortality risk model would facilitate the management of low-risk and high-risk patients according to the levels required to reduce mortality outcomes and further improve the cost-effectiveness of CKD therapy, thereby enhancing the quality of care of CKD patients.
Methods

Study setting
This retrospective observational study was conducted in Hospital Pulau Pinang, Malaysia a 1090-beds, second largest General Hospital in Malaysia. Additionally, highest number of ADRs were reported from Hospital Pulau Pinang from 2014 till 2016 [11, 13] which corresponds to the duration of this study. Some of the methods outlined in this manuscript overlap with our earlier published research article [22] .
Study design and data collection
Retrospective data from medical records of patients with CKD stages 3-5 (estimated GFR < 60 ml/min/1.73m 2 ) admitted to different wards between 1 January 2014 and 31 December 2016 and experienced ADRs were screened for the purposes of this study (Fig. 1 ). Data were collected retrospectively from the medical records using a standardized form for each patient. Information gathered included (a) demographic characteristics (b) results of physical examination (c) existing comorbid conditions (d) laboratory tests results (e) medication types (f) date start and end of ADRs and (g) information of ADRs causative drugs [22] .
The characterization of the ADR events was done using a 3-step identification method (trigger list/ doctor's order, an independent reviewer confirmation and an experienced pharmacist's assessment of identified ADRs). ADRs reporting forms were filled up by the ward pharmacist when an adverse drug reaction (ADR) was detected. Approximately 1-2 pharmacists will be routinely placed in a ward for each shift to monitor ADRs and to assist in other clinical functions during the duration of this study [22] .
The date of the clinical or biological diagnosis of the ADR was the start of the ADR. The end of the ADR was the date of normalization of the effect obtained from the ADR reporting form and justified by the date of laboratory examination with normal results or the disappearance of clinical symptoms as reported by doctors and pharmacist. Therefore, if the end date of ADR and the date of the patient's demise were reported on the same day, the cause of death is considered due to ADRs. The ADRs reportedly lasted from one day to a few weeks [22] . In this study, ADRs were defined in accordance with the Edwards and Aronson classification system [23] . Diagnoses were coded in accordance with International Classification of Disease (10th revision) [24] .
Description of statistical analysis
Patient's demographic data, physical examination results, comorbid conditions, laboratory tests and medication usage data were compared based on mortality due to ADRs during hospitalization. Continuously distributed variables were analyzed using either T-test or MannWhitney U test depending on skewness of data, whereas for categorical variables analysis was performed using the chi-square (x 2 ) test. All statistical analysis was performed using IBM SPSS (version 22; SPSS, Inc., Chicago, IL) statistical software. Two-sided p-values of less than 0.05 were considered statistically significant.
Description of study outcome and steps involved in model development
Mortality was fixed as the outcome in the risk model development. Variables with missing values of more than 10% were not considered for analysis. For variables with less than 10% of missing variables, 5 imputations were imputed to the missing data using the multiple imputation technique. Initially, univariate analysis was performed for the selection of variables with p < 0.05 that can be included in the subsequent multiple logistic regression analysis. Subsequently, multicollinearity test was performed for all the selected variables to access the presence of any strong correlation between the variables. Mortality risk models were developed by continuously adding patients' comorbidities, type of medication, laboratory results, total medication use and type of renal replacement therapy. Variables with p > 0.10 probability value were excluded from the subsequent analysis. The final model was adjusted with age, sex and estimated GFR. Variables in the final model was presented as odds ratio (OR) with 95% confidence interval (CI).
Description of model performance
For each risk model, calibration was measured using the Hosmer and Lemeshow goodness of fit test by adding new variables in multiple logistic regression [25] . Hosmer -Square statistics are commonly used to evaluate calibration [19] . Comparison of the overall model effect size for sequential models were done using Nagelkerke R square and p-value.
Description of internal model validation
The final risk model's internal validity was evaluated using the bootstrapping method. 1000 bootstrap resamples were used to assess the reliability of the coefficients of regression. Standard errors were subsequently used to calculate the 95% bootstrap CI of OR. Conclusion can be made about the population of the data originated using the bootstrapping resampling method [20] . 
Development of mortality risk score
Final risk model variables OR were used to calculate the risk scores. The scores were calculated for each patient by an arithmetic sum of points for the present variables. Patients were then categorized according to their risk scores into different cut-off points. Differences in the event rate for increased risk score values for mortality were evaluated using the x 2 test for trend [26] . Finally, the score's predictive capacity was assessed using the area under the curve (AUC).
Results
Univariate analysis
One thousand and seventy patients' medical records from multidisciplinary wards were screened during the three-year study period, out of which only 160 medical records fulfill the requirements of the inclusion and exclusion criteria. From the 160 eligible patients, 132 survived and 28 did not survive ADRs during hospitalization. Univariate analysis was performed between these two patient groups (Table 1) . Significant difference in survival were observed from variables such as renal function (p = 0.041), dyslipidemia (p = 0.019), UTI (p = 0.005), serum albumin (p = < 0.001), serum alkaline phosphatase (p = 0.009), serum aspartate aminotransferase (p = 0.009), serum CO 2 (p = 0.020), serum C-Reactive protein (p = < 0.001), serum lactate dehydrogenase(p = < 0.001), low density lipoprotein (p = < 0.001) and total medication used during hospitalization (p = < 0.001).
Model performance
The OR variables for Hosmer and Lemeshow Test and Nagelkerke R square for successive models are shown in Table 2 . Model 1 comprising comorbidities heart disease, dyslipidaemia and electrolyte imbalance performed poorly (Hosmer and Lemeshow Test =0.418; Nagelkerke R square = 0.127 and p = 0.005). Subsequently, Hosmer and Lemeshow and Nagelkerke R square improved in model 2 with the addition of psychotic agents (Hosmer and Lemeshow Test =0.860; Nagelkerke R square = 0.267 and p < 0.001). Continuous improvement was observed with the inclusion of creatinine kinase in the model 3 (Hosmer and Lemeshow Test =0.623; Nagelkerke R square = 0.329 and p < 0.001) and total medication use in model 4 (Hosmer and Lemeshow Test =0.899; Nagelkerke R square = 0.393 and p < 0.001) and conservative management in model 5 (Hosmer and Lemeshow Test = 0.643; Nagelkerke R square = 0.399 and p < 0.001). Model 5 have been selected as the best model.
Model validation
Model 5's logistical regression results with its 1000 sample bootstrap results were tabulated in Table 3 . The bootstrapping procedure did not change significant variables as observed.
Mortality risk score
Model 5 variables were assigned with scores based on their OR value, such as heart disease (OR: 0. (Table 4) . Creatinine kinase was the most strongly associated variable with mortality after ADRs during hospitalization and followed by psychotic agents, electrolyte disorder and total number of medications with median value of ≥23. The conservative management, heart disease and dyslipidaemia have moderate mortality effect on these CKD patients.
The score was calculated for each patient by assigning points and adding these points for each variable present. For example, an end stage renal disease (ESRD) patient undergoing conservative management, with presence of comorbidities as heart disease, dyslipidaemia and electrolyte imbalance, consuming psychotic drugs, with creatinine kinase lab value of ≥171 U/L and consuming ≥23 of total number of medications receives a score of (2 + 1 + 0 + 6 + 6 + 7 + 5) = 27.
The range of the score in this study is 0 (minimum) to 21 (maximum); the calculated mean (SD) was 7.03 (SE ± 0/43); the calculated median was 7.00; and AUC was 0.789 (95% CI, 0.700-0.878). Incidence of mortality due to ADRs during hospitalization among stages 3-5 CKD patients across various score categories were tabulated in Table 5 . From this table, the observed mortality per score category can be calculated directly when reading the score horizontally. For example, of 50 patients with a score of ≥10, 71.4% (n = 20) did not survive ADRs, while 22.7% (n = 30) survived ADRs during hospitalization. Only 3.6% (n = 1) from the total of 28 patients with score of 0-1 did not survive ADRs during hospitalization. Reading Table 5 vertically provides the estimates of sensitivity and specificity at different cut points. For instance, 50 patients received a score of ≥10. Of these, 20 patients died after ADRs event during hospitalization, correctly predicting 71.4% of all mortality pertaining to ADRs (sensitivity). Since 30 (22.7%) of all patients survived after ADRs during hospitalization, the cut-point specificity was 100-22.7 = 77.3%.
Discussions
Mortality risk score model was developed in this study with modest effect (R square = 0.399) and with AUC = 0.789 (95% CI, 0.700-0.878). The developed mortality risk score uses routinely available clinical data that can be combined into the clinical practice as an identification tool for CKD patients whom are at high risk mortality due to ADRs. In Hospital Pulau Pinang yearly about 13.5% of hospitalized CKD patients stages 3 to 5 experienced ADRs. In addition, approximately 88% of ADRs in this study were possibly preventable. Severity assessment performed indicated that nearly 27% of ADRs scored mild and nearly 60% of ADRs scored at level 3 or below on the Hartwig scale [22] . ADRs have been listed in many countries as among the leading causes of mortality. This called for efforts to raise patient awareness and to further motivate healthcare professionals in healthcare facilities to continuously monitor and report ADRs in order to minimize its risk [27] [28] [29] . Although the consequences of ADRs on patients were reported in various studies, the incidence and patterns of ADRs data is very minimally reported. Factors contributing to ADRs include an increase in the number of drugs sold, drug type, an increase in the aging population, pregnancy, gender, hormonal and immunological factors, differences in pharmacokinetics, patterns of drug usage, disease state, genetics, ethnicity, polypharmacy and urbanization [30] [31] [32] .
In multivariable analysis, it is recommended to report the Nagelkerke R square values when measuring the strength of the predictor variables, as it describes the variance between model prediction and outcome measurement [18] . Tangiisuran et al. (2014) reported low R square value of 0.16, which corresponds to the predictive capacity of their ADR risk score. They argued that the model provides more ADR risk information despite the small effect size than without predictors [33] . Both vascular disease and dyslipidaemia remained important predictors in this study when included in the regression model simultaneously. Tangri et al. (2013) reported that absolute rates of cardiovascular events were higher among CKD patients compared to the general population [21] . This were attributable to the high prevalence of hypertension, dyslipidaemia, hyperuricemia, abnormal glucose metabolism, obesity, high incidence of cardiovascular disease (CVD), systemic inflammation and oxidative stress among CKD patients. CKD associated cardiovascular alterations were influenced by rapid ageing process associated with shortening of telomere length [34] . However, mechanisms underlying the accelerated vascular and cardiac calcification state that were profound among CKD and ESRD were not completely understood [35] . Moreover, during early stages of CKD, atherosclerotic processes such as invasion of the macrophage, plaque formation and thickening of the arterial wall were the major events that happen in the human body. However, during later stages of CKD, vascular wall degeneration occurs, influenced by inflammatory factors and media calcification. Therefore, involvement of various factors results in discrete changes, in the risk factor profile, that inversely contribute to outcomes during CKD progression [36] .
Dyslipidaemia which is a common comorbidity among CKD patients is an important risk factor for the development of CVD as it contributes to the alteration of lipoprotein metabolism and is associated with GFR decline [37, 38] . Among CKD patients, abnormal lipid metabolism and changes in lipid particles related to uremic toxin promoting atherogenesis were common [39] . Posttranslational alterations of lipid particles which were due to CKD causes proinflammatory effects and endothelial dysfunction [40] . Monitoring of hyperlipidaemia by modulating the transport of lipids, suppressing systemic inflammation, modulating the intestinal microbiota or vascular calcification and interference with heart fibrosis can help to a [35] .
Creatinine kinase and psychotic agents were most strongly associated with mortality in this study. Phosphorylation of creatine into phosphocreatinine are catalysed by serum creatine kinase (sCK) or creatine phosphokinase (CPK) which is a cytosolic and mitochondrial enzyme. Subsequently, phosphocreatine aids in adenosine diphosphate (ADP) conversion to adenosine triphosphate (ATP) [41] . Muscle mass deterioration is a predictor for mortality in CKD patients in whom the serum creatinine is found in high quantities [41, 42] .
The Finnish group reported that the antipsychotic and antidepressants were common drugs involved in mortality [43] . Moreover, Tsai et al. (2012) reported that consumption of anti-depressive agents such as psychotic drugs by ESRD patients resulted in significantly higher mortality rate compared to their counterparts [44] . Antidepressant medications are highly protein-bound, metabolized hepatically and are not significantly removed by dialysis [45, 46] . Psychotropic medications were associated with increased risk of multiple physical diseases such as obesity, dyslipidaemia, diabetes mellitus, thyroid disorders, hyponatremia, cardiovascular, respiratory, gastrointestinal, haematological, musculoskeletal and renal diseases, movement and seizure disorders [47] . It Total number of patients per score category also been reported that the metabolic abnormalities accumulate rapidly after the treatment has been started [48, 49] . Furthermore, poor compliance with treatment, higher peritonitis rates in chronic peritoneal dialysis, lack of intention to change their lifestyle and abnormalities in the functioning of the immune system ultimately results in mortality for ESRD patients [50, 51] . Although mental illnesses such as depression and anxiety were common among CKD patients, very limited studies have been performed [52] .
One of the strong predictors of mortality from this study is the presence of electrolyte imbalances condition. Hypokalaemia and hyperkalaemia were typical disorders of the electrolyte due to changes in potassium intake, altered excretion or transcellular shifts. In ESRD patients, the mortality rate attributed to hypokalaemia was 2 to 5% and occurred in up to 21% among hospitalized patient population. Diuretic use and gastrointestinal losses cause hypokalaemia. On the other hand, hyperkalaemia was associated with 17% higher mortality rate. The risk of hyperkalaemia is increased by the presence of comorbid conditions such as chronic kidney disease, heart failure, diabetes and liver disease in combination with the use of certain medications [53] [54] [55] .
Additionally, the total number of medications, conservatively managed ESRD and the presence of comorbidities such as heart disease and dyslipidaemia were important predictors of mortality from this study. Goldberg and colleagues reported that taking medication simultaneously increases the risk of ADRs. The risk of ADRs was increased to 13% with two concurrent medications, to 38% with four concurrent medications and to 82% with seven or more medications [56] . Moreover, prescribing multiple drugs also increases the risk of drug interactions [57] .
In this study, patients who were not dependent on dialysis had twice the risk of mortality due to ADRs compared to dialysis patients. In patients with CKD who managed their disease conservatively, the risk of cardiovascular events is as high as in people with confirmed coronary artery disease. The risk is amplified with increased insulin resistance, increased blood pressure, calcification of the vascular system, inflammation and deterioration of protein energy [58] [59] [60] [61] . It was reported that 57% of ESRD patients did not receive replacement therapy based on the Indian CKD registry reports [1] , which increases their mortality risk.
The treatment with hemodialysis leads to a reduced risk of death compared to conservative treatment. Hemodialysis may, however, deteriorate further in older patients' functional status and quality of life. This may due to, very frequent attendance of dialysis session causing very little time for other activities, including nutritional intake. In addition, older patients with hemodialysis experiences frequent burden symptoms such as pain, tiredness, pruritus and constipation [62] .
Numerous median survival reports were available for the conservatively managed cohort ranging from 8.9 to 22 months [63] [64] [65] . However, comparing survival in conservatively managed patients between different cohorts compared to patients receiving renal replacement therapy is difficult because there is no clear starting point for analysis and therefore leads to lead time bias [65] . The time to initiate renal replacement therapy in the elderly remains intangible and international societies' recommendations have changed over the past decade. Time to event analysis showed better survival in conservatively managed patients who survived for more than two months [65] [66] [67] . Conversely, Shum et al. (2014) reported that peritoneal dialysis may be an appropriate treatment option for elderly ESRD patients [68] .
Accurate mortality risk predictions among stage 3 to 5 CKD patients are important for providing evidence about a wide range of interventions that often results in impacts on clinical practice and research that were associated with benefits and harms. Risk prediction models were generally based on demographics and laboratory variables that are typically available in clinical practice in the real world. However, developed risk models tend to be population-specific and most of the CKD prediction models available were based on European population [69] . A systematic review of the CKD risk prediction tools found that the discriminative performance of these models is considered acceptable to good in the population in which they were developed and modest to acceptable if tested in a different population [70, 71] .
Risk models are also useful in personalizing patient management with different risk levels to reduce mortality outcomes and further improve the cost-effectiveness of CKD therapy [72] . In addition, regularly measured laboratory variables would facilitate the timely calculation of risk from electronic medical records or laboratory information systems [21] . Conclusively, this study incorporated laboratory data of the CKD patients in the final mortality prediction model. Hence, this risk prediction model for mortality is highly relevant and applicable for routine and bed-side use in clinical practice.
Strengths and limitations
The strength of this study lies in the identification of ADRs by using a 3-step identification method. In addition, the study population was from multiple wards representing the clinical specialties commonly found in most acute hospitals and our study population age distribution was comparable to the figures for all hospitalized patients from other literatures. It is therefore likely to produce highly reliable results that are more representative of the practice of the real world. Finally, the mortality risk score is practicable as all the variables included can be obtained regularly in the hospital setting and can thus be translated into use at patients' bedside.
The limitation of this study is that it was conducted in one hospital and it is likely that there will be variations between different hospitals due to differences in local population characteristics and hospital specialties. The low study power and modest performance of the developed model is attributable to small number of eligible patients' medical records from the total number screened for the purpose of this study. Furthermore, CKD patients often have other comorbid conditions requiring careful evaluation of the causal relationship between ADRs and mortality. Moreover, this risk score is not externally validated which could limit the generalizability of the results and survival risks for specific stages may be overestimated because they were derived using only one GFR measurement.
Conclusion
Mortality prediction model was developed in this study for stages 3 to 5 CKD patients who experienced ADRs during hospitalization. This tool is clinically useful and effective in preliminary identification of potential CKD patients whom are at high risk of ADR-related mortality during hospitalization using routinely performed clinical data.
Recommendation
External validation studies can be performed to enhance the generalizability of the developed mortality risk prediction model.
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